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XliTRODOCTIOli 

Xn  r*s|>onstt  to.  tho  additional  tattary  naads  of  tha  Aniy 
durii^  0|>aration  Daaart  Stom,  altamata  battary  systaas  to  tha 
BA-5590/U  wara  invastigatad.  This  raport  deals  with  an  intense 
two-aonth  in-housa  tasting  and  evaluation  of  one  possible 
raplacaaant,  a  sealed  laad/acid  battery.  Positive  test  results 
played  an  iaportant  role  towards  tha  purchase  of  over  20,000 
units  of  tha  BB-490/U  laad/acid  battery  for  ailitary  applications. 

APPROACH 

Tha  investigation  was  parforaad  to  characterize  the  lead/ 
acid  battery  with  respect  to  discharge  conditions  (rata  and 
traparatura)  and  charging  conditions  (duration  and  temperature) . 
Battery  performance  was  compared  to  the  lithium  BA-5590/U  under 
identical  discharge  conditions. 

Tha  battery,  manufactured  by  Magnum  Power  Systems,  is 
designated  the  BB-490/U.  Xt  is  a  rechargezdsle,  sealed  lead/acid 
battery  that  consists  of  two  12 -volt  sections.  Each  section 
consists  of  6  cells  in  a  series  connection.  The  battery  can  be 
utilized  with  the  sections  connected  in  either  a  series  or 
parallel  arrangement.  Nominal  battery  voltage  is  either  12  volts 
(parallel  connection)  or  24  volts  (series  connection) . 

The  battery,  as  noted  above,  consists  of  12  cells.  The 
cells,  manufactured  by  Panasonic,  are  designated  IiCS-182P.  Cell 
dimensions  auid  weight  are  2.27  x  1.64  x  0.64  inches  and  0.24 
pounds,  respectively.  The  total  battery  weighs  3.5  pounds.  Its 
.  dijmnsions  are  4.40  x  2.45  x  5.00  inches. 

The  battery  charging  system  consists  of  a  charger, 
designated  the  MPS>AH'*'6,  and  a  power  supply,  designated  the  MPS- 
CH2.  The  charger  weighs  0.5  pound  and  its  dimensions  are  4.75  x 
2.75  X  1.40  inches.  The  weight  of  the  power  supply  is  1.9  pounds 
and  its  dimensions  are  3.50  x  3.00  x  2.50  inches.  The  total 
weight  of  the  charging  system  is  2.4  pounds.  The  charging  system 
is  designed  to  charge  each  6>cell,  nominal  12-volt  section  of  the 
battery  independently.  Approximately  3-4  hours  are  required  to 
completely  charge  a  fully  discharged  battery.  The  power  supply 
is  a  15  volts  AC,  wall  plug-in  type  with  an  output  of  1.5  amperes 
at  16  volts  DC. 

EXPERIMENTAL  PROCEDURE 

Five  BB-490/U  batteries  and  five  chargers  and  power  supplies 
were  obtained  from  Magnum  for  test  and  evaluation.  Initially, 
the  batteries  were  discharged  at  350  mA  at  room  temperature 
( 70-75 *F),  charged  for  4  hours,  then  discharged  again  at  350  mA  and 
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rooa  t«m;>«raturtt.  This  initial  scrssning  datactad  ona  of  the 
fliNi  batteries  to  be  defective.  Test  results  (Table  1)  found 
battery  1  to  have  delivered  32%  less  capacity  than  the  remaining 
four.  This  deficient  battery  was  removed  from  further 
investigation. 

a.  Discharge  Characteristics:  The  effects  of  discharge  rata 
and  temperature  on  battery  performance  were  investigated. 
Discharge  rates  ranged  from  0.5  to  3.0  amperes.  Discharge 
teiq^ature  varied  from  0  to  130 *F.  Batteries  were  soaked  for  0 
hours  at  the  appropriate  temperature  prior  to  discharge.  At  each 
totperature  (0,  70,  and  130* F)  and  discharge  current  (0.5,  1.0, 
1.5,  2.0#  2.5  and  3.0  amperes)  combination,  only  one  battery  was 
tested.  Prior  to  analysis,  the  batteries  were  randomly  chosen  to 
assure  that  each  BB*490/U  was  not  always  discharged  at  the  same 
current.  Following  each  experiment,  the  batteries  were  charged  at 
70-80 *F  (room  temperature)  for  at  least  4  hours.  Prior  to 
continued  testing,  the  batteries  were  stored  at  room  temperature 
for  2  hours.  This  rest  between  charge  emd  discharge  allowed  the 
stability  of  both  ion  migration  and  battery  voltage.  Test 
results  are  shoim  in  Table  2  and  graphically  in  Figure  1. 

b.  Equipment  Simulation:  A  major  BA-5590/U  application  is 
the  AK/PRC-119  SIMCGARS  radio,  ^is  radio,  which  operates  at 
constant  power,  is  energized  by  one  BA-S590/U  battery  in  the  15 
volt  mode  (parallel  connection) .  The  characteristics  of  the 
lead/acid  BB-490/U  under  AN/PRC-119  simulation  were  examined. 

Testing  scenario  simulated  typical  usage  of  the  radio.  It 
consisted  of  1  minute  at  26.4  watts  (transmit)  followed  by  9 
minutes  at  3.6  watts  (receive).  This  cyclic  regime  was  continued 
to  a  batteiry  potential  of  9  volts  under  the  transmit  mode.  This 
test  scenario  was  performed  at  0,  40,  70,  110,  and  160 'F.  All 
batteries  were  soaked  for  8  hours  at  the  appropriate  temperature 
prior  to  discharge.  Batteries  were  charged  and  conditioned  in 
the  identical  method  as  described  in  Discharge  Characteristics 
testing.  Table  3  and  Figure  3  illustrate  BB-490/U  test  results. 

c.  CShaxrging  Characteristics:  The  charging  system  (charger 
and  power  supply)  was  also  investigated.  Effects  of  temperature 
andi  charging  duration  on  battery  performance  were  explored. 

At  130 *F  and  room  temperature  the  charging  profile  was 
examined,  one  charger  was  altered  so  that  both  the  charging 
current  and  battery  potential  could  be  monitored.  Parameters 
were  recorded  for  each  electrical  section  individually. 

DXSCD8SZ0N  OF  RESULTS 

a.  Disohaxge  Characteristics:  The  effects  of  discharge  rate 
and  tM^rature  on  BB-490/U  performance  are  shown  in  Figure  l. 
Battery  capacity,  is  inversely  related  to  the  discharge  rate  and 
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dirttctly  rttlat«d  to  tho  dischargo'  taaperatura.  At  each  discharge 
rate.  Table  4  compares  the  delivered  capacity  at  70  and  O'F  to 
that  obtained  at  130 *F.  ■  Battery  performance  at  rates  and 
teaqiMuratures  other  than  tested  can  be  obtained  via  extrapolation 
(see  Figure  1) * 

Figure  2  coaqi^ares  the  BB~490/U.  performance  to  the 
performance  of  the  lithiua^ sulfur  dioxide  BA'>5590/U  battery. 
Unlike  the  lead/acid  BB490/U,  performance  of  the  lithium  BA- 
5590/U  battery  is  hardly  affected  by  discharge  temperature  and 
rate.  Throughout  all  test  conditions,  delivered  capacity  of  the 
BA-5590/U  was  approximately  7.0  A-hr;  whereas,  the  BB-490/U 
delivered  less  than  2.0  A-hr. 

b.  Equipment  Simulation:  Figure  3  graphically  displays  the 
effects  of  temperature  on  BB-490/U  SINCGARS  (AN/PRC-119) 
simulation.  Battery  performance  is  directly  proportional  to 
discharge  temperature.  Note  the  decreased  capacity  at  0*F. 

A  coaqparison  of  BB-490/U  versus  the  BA-5590/U  performance, 
under  SINCGARS  simulation,  is  shown  in  Figxire  4.  Across  the 
various  discharge  temperatures,  lithium  BA-5590/U  performance 
exceeded  BB-490/U  performance  by  at  least  a  factor  of  5. 

c.  Charging  Characteristics:  A  typical  BB-490/U  charging 
profile  is  shown  in  Figure  5.  Initially  the  potential  (voltage) 
of  both  sections  is  approximately  12  volts.  At  this  point  the 
charging  current  is  essentially  750-800  sA.  As  the  battezy  is 
charged,  the  potential  of  both  sections  slowly  rises  to  14.5 
volts  (point  A) .  At  this  point  the  current  has  declined  to 
approximately  50  mA  and  the  potential  across  both  sections  has- 
dropped  to  approximately  13.5  volts.  The  battery  is  now  fully 
charged.  The  charging  system  continued  to  maintain  the  potential 
of  each  section  at  13.5  volts.  Some  batteries  were  charged  in 
excess  of  24  hours.  No  damage  to  either  the  battery  or  the 
charging  system  occurred. 

During  the  charging  process,  the  charger  became  hot. 
Initially  it  was  warm-hot  to  the  touch.  As  the  process 
continued,  the  temperature  of  the  charger  was  noticeably  reduced. 

OPERATING  COSTS 

Based  on  ^ese  test  results,  a  SINCGARS  operating  battery 
cost  analysis  and  a  comparison  between  the  two  battery 
chemistries  were  perfora4Ki.  SINCGARS  usage  accounts  for  a  large 
percentage  of  the  BAr559D/U  batteries  employed  every  year.  The 
c<Mit  comparison  was  based  on  the  following: 
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BB^afl/y  BATSsaa/y 

$280*  unit  Price  $45 

200  Cycles  Per  Unit  1 

* Includes  charger  and  adapter. 

Figure  6  shows  the  operating  cost  differential  between  the 
BB-490/U  and  the  BA-5590/U.  It  clearly  shows  the  significant  cost 
savings  that  can  be  realized  with  BB-490/U  usage. 

Disadvantages  of  BB-490/U  usage  are  related  to  the  excess 
quantity  and  weight  of  batteries  that  would  be  required  to 
furnish  the  sa»e  capacity  (A-'Hr)  delivered  by  the  BA-5590/U 
battery.  Figure  7  clearly  shows  that  the  corresponding  quantity 
of  BB>*490/U  batteries  is  over  5.  In  other  words,  to  power  a 
SINC6ARS  radio  for  the  sane  service  that  one  BA~5590/U  battery 
can  provide,  over  five  fully  charged  BB>490/U  batteries  would  be 
required.  Fron  Figure  8  it  can  be  seen  that  this  translates  to 
over  17  pounds  of  BB-490/U  batteries  versus  2.2  pounds  for  a 
single  BA-5590/U  battexry. 

CONCLUSIONS 

Delivered  capacity  of  the  BB-490/U  battery  is  dependent  upon 
discharge  rate  and  is  strongly  dependent  upon  temperature.  BA- 
5590/U  battery  perfoxmance,  on  the  other  hand,  is  more  stable 
throughout  the  various  discharge  conditions  (rate  and 
temperature) .  Constant  current  discharge  capacity  of  the  BB- 
490/U  is  at  least  3.5  times  less  than  that  of  the  BA’-5590  lithium 
battesry.  Overall,  based  on  SINC6ARS  simulation  testing,  a 
definite  cost  sayings  can  be  realized  with  BB'‘490/U  usage,  versus 
BA-'5590/U.  Disadvantages  of  BB-490/U  usage  relate  to  the 
additional  weight  and  quantity  of  batteries  required. 

RECOMMENDATIONS 

Extensive  BB-‘490/U  testing  is  necessary  to  characterize 
battery  performance  versus  the  following  parameters: 

a.  Cycle  life 

b.  Shelf  life 

c.  Cold  temperature  t  high  temperature  charging 

d.  Environmental  testing: 

1.  Drop 

2.  Mechanical  shock 

3.  Vibration 
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Figure  3.  SINCQARS  Simulation.  Effects 
of  Temperature  Upon  BB-490/U  Performance. 
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Figure  4.  SINCQABS  Simulation.  Effects 
of  Temperature  on  Battery  Performance. 
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Figure  5.  BB-490/U  Charging  Profiie. 


0  40  70  110  160 


TEMPERATURE  (°F) 

Figure  6.  SINCQAR8  Simulation 
Battery  Operating  Coats. 


7 


Currant  (mA) 


40  70  no 

TEMPERATURE  (°F) 

Figure  8.  SINCGARS  Simulation. 
Weight  of  Battariaa  Required. 


TABLE  1.  INITIAL  MXXm  SQK&^im 

Discharge  Rate:  350  bA 

Discharge  Temperature:  70®P 


Battery 

Cycle 

Service  to 

Capacity 

Number 

Number 

20  Volts  (Hrs) 

(A-Hr) 

1 

1 

2.20* 

0.77* 

2 

1 

3.66 

1.28 

3 

1 

3.64 

1.27 

4 

1 

3.40 

1.19 

5 

1 

3.74 

1.31 

1 

2 

2.48* 

0.87* 

2 

2 

3.72 

1.30 

3 

2 

3.72 

1.30 

4 

2 

3.80 

1.33 

5 

2 

3.64 

1.19 

*Defective  Battery 


TABLE  2.  EFFECTS  Q£.  DISCHARGE  BHIL  MC  I£Mg£B&ISffi£ 
SH  BB-49.0./U  ESBrOBMAMCE 


Battery 

Number 

Piastiargfi 

Rate 

(A) 

ggnditlqpg 

Temperature 

(°F) 

Service  to 

20  Volts 
(Hr) 

Capacity 

(A-Hr) 

4 

2.0 

0 

0.23 

■m 

2 

1.5 

0 

0.37 

5 

1.0 

0 

0.61 

3 

0.5 

0 

1.57 

0.78 

2 

2.0 

70 

0.48 

0.96 

3 

1.5 

70 

0.75 

1.13 

4 

1.0 

70 

1.19 

1.19 

5 

0.5 

70 

2.64 

1.32 

3 

3.0 

130 

0.36 

1.08 

5 

2.5 

130 

0.44 

1.10 

4 

.2.0 

130 

0.58 

1.16 

2 

1.5 

130 

0.84 

1.26 

5 

1.0 

130 

1.26 

1.26 

3 

0.5 

130 

2.90 

1.45 

Battery 

Number 


Cycle 

Number 


Temperature 


Service  to 
10  Volts 
(Hrs) 


Rate 

(A) 


SERVICE 

130°F 


1.16 


1.26 


1.26 


1.45 


Average 

Service 

(Hrs) 


0.96/17.2% 
1.13/10.3% 
1.19/  5.6% 
1.32/  8.9% 


0.46/60.3% 

0.56/55.6% 

0.61/51.6% 

0.78/46.2% 
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SUPPLEMENTAL  CONTRACT  DISTRIBUTION  LIST  Paqe  2  of  2 

(ELECTIVE) 


01  rector 

N«va1  Research  Laboratory 
ATTN:  CODE  2627 

001  Washington,  OC  2037S-S000  001 

Cdr,  PH  JTFUSIQN 
ATTN:  JTF 

ISOO  Planning  Research  Drive 
001  HcUan,  VA  22102  001 

Rom  Air  OevelopMnt  Center 
ATTN:  Docunents  Library  (TILO) 

001  Griffiss  AfB.  NY  13441 

Deputy  for  Science  i  Technology 
Office,  Asst  Sec  Arvy  (RAO) 

(Nil  Washington,  OC  20310 

HQOA  (0AHA-ARZ>0/0r.  F.O.  Verderame) 

001  Washington,  OC  20310 

Oir,  Electronic  Warfare/Reconnalssance 
Surveillance  and  Target  Acquisition  Ctr 
ATTN:  AKSEL-EU-O 

001  Fort  Nonoouth,  NJ  07703>5206 

Oir,  Reconnaissance  Surveillance  and 
Target  Acquisition  Systems  Directorate 
ATTN:  AHSEL-CW-OR 
001  Fort  Honmouth.  NJ  07703-5206 

Cdr,  Narire  Corps  Liaison  Office 
ATTN:  AMSEL-LN-MC 
001  Fort  Nonmouth,  NJ  07703-5033 

Oir,  US  Anpy  Signals  Warfare  Ctr 
ATTN:  ANSEL-SW-OS 
Vint  Hill  Fanes  Station 
001  Warrenton,  VA  22186-5100 

Dir,  Night  Vision  &  Electro-Optics  Ctr 
CECON 

ATTN:  AHSEL-NV-0 

OOt  Fort  Belvoir,  VA  22060-5677 


Cdr,  Atmospheric  Sciences  lab 
LA8C0N 

ATTN:  SLCAS-SY-S 

White  Sands  Missile  Range.  NN  88002 

Cdr,  Harry  Diamond  Laboratories 
ATTN:  SLCHO-CO,  TO  (In  turn) 

2800  Powder  Hill  Road 
Adelphi,  HO  20783-1145 
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